Background: We evaluated the efficacy and safety of the modified FOLFOX6 (mFOLFOX6) regimen as a neoadjuvant chemotherapy in gastric cancer patients.
Since Wilke et al (1989) first reported the use of neoadjuvant chemotherapy for treating gastric cancer in 1989, the potential benefits of downstaging the primary tumour, facilitating complete surgical resection and treating systemic micrometastases have received much attention. Especially in recent years, clinical research (Cunningham et al, 2006; Lutz et al, 2012; Ychou et al, 2011) has indicated that preoperative chemotherapy for gastric cancer (neoadjuvant chemotherapy) could improve the R0 resection rate in surgery for advanced gastric cancer and overall survival (OS). The Medical Research Council Adjuvant Gastric Infusion Chemotherapy (MAGIC) trial published in 2006 (Cunningham et al, 2006) showed that perioperative chemotherapy could increase the 5-year survival rate from 23 to 36%; the difference in the rates of postoperative complications between the surgery group and the perioperative-chemotherapy group was not statistically significant. Hence, since 2008, the National Comprehensive Cancer Network (NCCN) Guideline has recommended a regimen of epirubicin, cisplatin and infused fluorouracil (ECF) as the standard neoadjuvant approach for T2 and higher staging of gastric cancer (NCCN Clinical Practice Guidelines in Oncology, 2007) . Li et al (2010) published a meta-analysis that included 2271 patients with advanced gastric cancer, and the results indicated that neoadjuvant chemotherapy could improve the tumour stage, increase the R0 resection rate and provide survival benefits for patients with locally advanced gastric cancer (OR ¼ 1.27, 95% confidence interval:1.04-1.55). However, these clinical studies included different neoadjuvant chemotherapy regimens and operative approaches; therefore, it is still unclear which chemotherapy regimen is the most effective.
Another important role of neoadjuvant chemotherapy is to evaluate the effect of the neoadjuvant chemotherapy regimen to guide the selection of the postoperative chemotherapy regimen. However, which method can best evaluate the effect of preoperative chemotherapy, and which standard should be used to determine whether a change in postoperative therapies is required, are the key issues and are still controversial. The best approach is to observe the impact of neoadjuvant chemotherapy on the recurrence and survival rates. However, because both operative approaches and postoperative therapy regimens influence the final outcome of treatments, it is difficult to accurately assess the impact of preoperative chemotherapy on survival outcomes; therefore, histologic and imaging response assessments are the most direct and convenient predictive methods of neoadjuvant chemotherapy. The methods for evaluating the response rate by the Response Evaluation Criteria in Solid Tumors (Husband et al, 2004) and histological response described by the Japanese Gastric Cancer Association (2011) (JCGC) have been used to evaluate the effect of neoadjuvant chemotherapy. The correlation between the grade of histologic regression and prognosis has been used in the evaluation of various tumours, including pancreatic cancer, rectal cancer and oesophageal cancer, but the prognostic value of this variable has been mixed and is still controversial in advanced gastric cancer (Lowy et al, 1999; Breslin et al, 2001; Onaitis et al, 2001; Ruo et al, 2002; Berger et al, 2005; Chirieac et al, 2005; Brenner et al, 2006; Gaca et al, 2006; Gu et al, 2006; Mansour et al, 2007) .
Therefore, a prospective study was performed in the Department of General Surgery, Peking Union Medical College Hospital, from December 2006 to October 2012. A total of 73 patients were enroled, and the modified FOLFOX6 (mFOLFOX6) was adopted as the regimen of neoadjuvant chemotherapy.
The aims of the current study were as follows: (1) to analyse the efficacy and safety of the mFOLFOX6 regimen in locally advanced gastric cancer patients and (2) to investigate whether a histologic response or radiographic response was a superior surrogate marker for OS, which can be used to determine the postoperative chemotherapy regimen.
MATERIALS AND METHODS
Patients. The inclusion criteria were as follows: (1) histologically confirmed gastric or gastroesophageal junction carcinoma; (2) TNM stage of T2-T4 or positive regional lymph nodes according to the AJCC 7.0 staging system, verified by enhanced computed tomography (CT), with no evidence of distant metastases; (3) ECOG performance status score p0-2 and adequate haematological, heart, liver and renal functions; (4) over 18 years old; (5) never received any chemotherapy, radiotherapy or surgical treatments for gastric cancer; and (6) signed the informed consent form.
The exclusion criteria were as follows: (1) women in a gestation or lactation period, (2) presence of infectious diseases, (3) watery diarrhoea, (4) complications involving peripheral neuropathy, (5) active bleeding of the gastrointestinal tract, (6) complications involving tumours in other sites except for preinvasive carcinoma and (7) sensitivity to investigational drugs or iodines.
The patients were enroled, as we previously described, after providing informed consent according to procedures approved by the Ethics Committee at Peking Union Medical College hospital. The study was approved by the Ethics Committee of Peking Union Medical College Hospital and registered on the ClinicalTrails.gov website (registration ID: NCT02226380).
Treatment. The enroled patients were treated with a mFOLFOX6 regimen: a 2-h intravenous injection of oxaliplatin (85 mg m À 2 ) on day 1, a 2-h intravenous injection of leucovorin (400 mg m À 2 ) on day 1, an intravenous injection of 5-FU (400 mg m À 2 ), and then a 46-h continuous infusion (2400 mg m À 2 ) on day 1. The patients received a total of 3 cycles, and each cycle took 2 weeks. If a toxic reaction of level 3 or 4 occurred, the chemotherapeutic dosage of the next cycle was reduced by 20%. Without clear surgical contraindications and with the patients' informed consent, surgery was performed 3-4 weeks after the last chemotherapy treatment. During the treatment, if the patient presented with aggravated symptoms, experienced unbearable drug-specific toxicity or refused to continue chemotherapy due to persistent toxic reactions, the chemotherapy was stopped and surgery was conducted if distant metastases were not discovered.
All of the surgical operations in the enroled group were performed by a professional group of surgeons. The R0 resection surgery and D2 lymphadenectomy were required to be as far apart as possible. Postoperative chemotherapy was started 3-4 weeks after surgery, and the regimen was based on the results from the patients' clinical and pathological evaluations. The patients with progressive disease (PD) or a histological response of 0-Ia according to the criteria described by the JCGC were given a modified DCF regimen. Otherwise, we continued the mFOLFOX6 or XELOX program. The pre and postoperative chemotherapies lasted half a year.
Assessment. Assessments were carried out before and after neoadjuvant chemotherapy, after surgery and after adjuvant chemotherapy. The following assessment techniques were applied: tumour marker analysis and abdominal CT, especially threedimensional reconstruction CT, which was used as the major imaging assessment method before and after neoadjuvant chemotherapy. Additional imaging was undertaken depending on a clinical suspicion of recurrence. The tumour response to chemotherapy was assessed by an independent radiologist (WL), and the histological evaluation after preoperative therapy was assessed by an independent pathologist (DRZ), both using the criteria described by the JCGC.
For the specimens from radical surgery, the presence of tumour necrosis and fibrosis within the lesion was confirmed by the same experienced pathologist (DRZ), and the percentage of residual tumour cells, that is, graded histologic regression (GHR), within the lesion was recorded as 0-100%, with 0% representing no necrosis, or cellular or structural changes within the whole lesion and 100% representing an entire lesion that disappeared or was replaced by fibrous tissue without any viable tumour cells.
Toxicity was assessed according to the National Cancer Institute-Common Toxicity Criteria (NCI-CTC; version 3.0; Trotti et al, 2003) .
Follow-up. Patients were followed-up at regular intervals, once every 3 months, either in a clinical visit or by telephone. The last follow-up date was 31 January 2015. During the out-patient review, tumour marker analysis and imaging examination, such as CT scans, were performed regularly (NCCN Clinical Practice Guidelines in Oncology, 2007).
Statistical analysis. The primary end points of this study were the response rate and R0 resection rate, and the secondary end points were the progression-free survival (PFS), OS and safety issues, including adverse events of chemotherapy and complications of surgery. Progression-free survival was defined as the period starting from the initial preoperative chemotherapy to the confirmation of progression of the disease by imaging or pathological diagnosis; OS was defined as the period from initial preoperative chemotherapy to the time of death for any reason. The full-analysis population included patients who had received at least one cycle of chemotherapy. The intention-to-treat population included those who completed the neoadjuvant chemotherapy and received radical surgery.
SAS statistical software 9.2 (SAS Institute Inc., Cary, NC, USA) was used for all of the statistical analyses. The T and N stages confirmed by CT were compared before and after neoadjuvant chemotherapy, and radiological downstaging was confirmed; the pathological downstaging was defined as a reduction in T stage or N stage of pathologic staging (ypTNM) compared with radiological staging before neoadjuvant chemotherapy. The correlation between clinicopathologic factors and the patients' survival outcomes was analysed with univariate and multivariate analyses. A log-rank test was applied to compare the disjoint survival curves, and Wilcoxon's test was used to compare the joint survival curves. The Cox-proportional hazards regression model was used to identify prognostic factors for survival. Po0.05 was statistically significant. All P-value results are from two-sided tests.
RESULTS
General conditions. During the period from December 2006 to October 2012, there were 73 patients enroled in this study. Sixty patients were graded with an ECOG of 0 before chemotherapy (82.2%), and 13 patients were graded with an ECOG of 1 (17.8%). Seventy-three patients completed 211 cycles of neoadjuvant chemotherapy (1 cycle min. and 3 cycles max.), with a median of 3 cycles. Two patients stopped neoadjuvant chemotherapy and received surgery due to their Grade 3-4 nausea and vomiting after 1 cycle of chemotherapy, 1 patient elected to receive an operation due to PD after 2 cycles of neoadjuvant chemotherapy and 3 patients refused to continue chemotherapy and received surgery due to other reasons after 2 cycles of neoadjuvant chemotherapy. All of the patients' basic information before chemotherapy is shown in Table 1 . The procedure of this study is shown in Figure 1A .
Among 73 patients, 67 (91.8%) received radical surgery, 4 (5.5%) received palliative surgery due to PD and 2 (2.7%) did not receive surgery due to PD. In patients who received radical surgery, 66 (90.4%) had a D2 lymphadenectomy and 1 (1.4%) received a D1 lymphadenectomy due to a large, chronic gastric ulcer perforation and severe adhesion of the surrounding organs.
Sixty-three (94.0%) patients received adjuvant chemotherapy for 354 cycles after radical surgery, with a median of 6 cycles (1 cycle min. and 9 cycles max.). Fifty-four (85.7%) patients received the mFOLFOX6 or XELOX regimen, and 9 (14.3%) received the modified DCF regimen. Table 2 depicts the pathologic characteristics of the resected tumours.
Efficacy. Prior to neoadjuvant chemotherapy, all the patients were assigned a clinical stage of either T stage-(T2, 12.3%; T3/4, 87.7%) or N stage-(N negative, 30.1%; N positive, 69.9%) based enhanced CT.
One (1.4%) patient did not receive a CT scan due to being lost to follow-up after chemotherapy. On the basis of the CT evaluations, T downstaging occurred in 17 (23.6%) of 72 patients, including 2 T2-T1, 2 T3-T1, 8 T3-T2 and 5 T4-T3, and N downstaging occurred in 12 (16.7%; N positive or N þ -N negative or N À ). Two groups were analysed for survival according to whether there was T or N downstaging, and this analysis showed that neither group was significantly different (P ¼ 0.236 for T, P ¼ 0.726 for N). According to the JCGC guidelines, there were no cases of CR, 33 cases (45.8%) of PR, 31 (43.0%) cases of SD and 8 (11.1%) cases of PD. Thus, the remission rate (CR þ PR) was 45.8% and the disease control rate (CR þ PR þ SD) was 88.8%; the survival difference between the CR þ PR group and the SD þ PD group was not statistically significant (P ¼ 0.438).
Among 67 patients who had received radical surgery, 58 (86.6%) were identified as T3/4 by CT staging before chemotherapy and 45 (67.2%) were identified as N þ , whereas only 48 (71.6%) were identified pathologically as T3/4 and 36 (53.7%) as N þ after surgery. The tumour stages according to neoadjuvant chemotherapy administration are illustrated in Table 3 . Compared with pathological staging and CT staging before chemotherapy, T downstaging occurred in 22 patients (32.8%) and N downstaging occurred in 17 cases (25.4%). Although 32.8% of the patients displayed T downstaging after neoadjuvant chemotherapy, the difference did not reach a level of statistical significance between the downstaging and non-downstaging groups (P ¼ 0.324), whereas survival analysis showed a significant difference (P ¼ 0.017) between the N downstaging group and the nondownstaging group. Figure 1B illustrates the distribution of GHR. All of the patients showed different levels of histological regression, in which 2 patients (3.0%) achieved a pathologically complete response (ypT0N0M0), 11 (16.4%) showed a response 490%, 20 cases (29.9%) showed a response X2/3, and 33 cases (49.2%) showed a GHR X50%.
Safety. During neoadjuvant chemotherapy, the most common toxicity was leucopoenia, mainly of Grade 1-2, with Grade 3 occurring in 9 (12.3%) cases, and Grade 4 occurring in 1 (1.4%) case. Grade 3 neutropenia occurred in 4 (5.5%) cases, and Grade 4 neutropenia occurred in 1 (1.4%) case; 13.6% of patients had thrombocytopenia, in which there were 2 (2.7%) cases of Grade 3 and 1 (1.4%) case of Grade 4. The non-haematological toxicity was mild, mainly of Grade 1 or Grade 2, and usually presented as nausea and vomiting, occurring in 49.3% of patients. One (1.4%) case suffered from Grade 3 vomiting, and 1 (1.4%) suffered from Grade 4 vomiting, and both of these patients stopped chemotherapy as a result and received surgery; 1 (1.4%) case suffered from Grade 3 diarrhoea. One (1.4%) case exhibited a Grade 3 ALT elevation and 2 (2.7%) cases suffered from drug fever. Grade 3 to 4 adverse reactions to chemotherapy are indicated in Table 4 . Among 71 patients who received surgery, 5 (7.0%) cases experienced operative complications. All of the complications were mild, and all of these patients received a D2 lymphadenectomy (Table 5 ) and recovered without any surgical intervention.
Survival analysis. Two (2.7%) of the 73 patients were lost to follow-up. The follow-up time ranged from 5.0 to 93.0 months, with a median of 37.0 months. Thirty-six (49.3%) cases showed disease progression, among which 33 (45.2%) died (as the disease progressed). The median PFS time was 56.0 months (Figure 1.C) , and the median OS time was 76.0 months (Figure 1.D) ; the 1-year survival rate was 84.9%, the 2-year survival rate was 63.0% and the 3-year survival rate was 61.5%.
Univariate analysis was performed on 67 patients who received radical surgery regarding the clinicopathologic factors that might influence survival. The results demonstrated that factors such as local invasion, Lauren classification, N staging before chemotherapy and ypTNM staging (Figure 1 .E) were correlated with OS. We also examined the association between OS and GHR thresholds of 90%, 66.7%, 60%, 50%, 45%, 40% and 35%, from which it was found that when the thresholds were 50% ( Figure 1F ) or 66.7%%, the GHR of the primary lesion was correlated with survival.
Multivariate analysis was performed by incorporating the factors of sex, age, tumour primary site, Lauren classification, local invasions, pathologic T and N downstaging, GHR of the primary lesion (X50%/o50% or X2/3/o2/3), TNM staging before chemotherapy and ypTNM with COX regression, and the results demonstrated that only Lauren classification and ypTNM had a statistically significant association with OS (details in Table 6 ).
DISCUSSION
The treatment of gastric cancer, especially advanced gastric cancer, has always been a challenge for surgeons, oncologists and radiologists. Because there is no standard neoadjuvant chemotherapy regimen, the FOLFOX regimen has been widely used in treating advanced gastric cancer and was adopted in this study. Since 2001, the FOLFOX regimen has become one of the most common treatments for advanced gastric cancer (Louvet et al, 2002; Kim et al, 2003; AI-Batran et al, 2004; Chao et al, 2004; De Vita et al, 2005; Hwang et al, 2008; Keam et al, 2008) . To date, several clinical studies have demonstrated that the FOLFOX regimen, as a neoadjuvant chemotherapy regimen, can improve the effectiveness of locally advanced gastric cancer, with response rates of 50% to 69.7% (Li et al, 2012; Zhang et al, 2012 ).
In the current study, one of the primary end points was the response rate. The response rate is mainly evaluated based on radiologic or pathologic criteria. According to rigorous imaging evaluation, no CR cases were found, but 45.8% of patients reached PR after three-cycle chemotherapy on average, with a response rate of 45.8% in this study. Thus, our mFOLFOX6 regimen showed similar efficacy to the reported FOLFOX regimen . Unfortunately, the survival analysis performed by grouping patients into CR þ PR or SD þ PD was not significantly different, indicating that the impact of the effectiveness of neoadjuvant chemotherapy on prognosis cannot be evaluated by CT imaging only, which was consistent with the conclusion reported by Kurokawa et al (2014) . Histological response is another important assessment method. The patients who received radical surgery all showed different levels of GHR, with a 3.0% complete regression rate, which was consistent with the 0-15% rate reported by previous prospective studies Cunningham et al, 2006; Jary et al, 2014; Wang et al, 2014; Yoshikawa et al, 2014) ; the GHR of 49.2% cases in this study was over 50%, which was higher than 39% reported in the literature (Ferri et al, 2012) , in which 84% were lower oesophageal or gastroesophageal junction cancers, whereas only 13.6% cases in this study were proximal gastric cancer. Gastric cancer in different sites might react differently towards chemotherapy. Two patients who had pCR only had partial clinical responses, showing that CT imaging results did not always agree with histological findings.
According to the survival analysis, postoperative pathological factors seemed to be better surrogate end points for OS in studies of neoadjuvant therapy for gastric cancer. Although multivariate analysis did not demonstrate that a GHR X50%/o50% was an independent prognostic factor, univariate analysis revealed that a GHR of 50% between two groups reached statistical significance. It was a practical issue to clarify the GHR threshold that indicated whether neoadjuvant chemotherapy was effective. According to the widely used criteria described by Becker et al (2003) and the JCGC, the response rate of cases was lowered, and recent literature also reported that there was no difference in survival rates between the responder and non-responder groups on multivariate analysis (Fujitani et al, 2012; Schmidt et al, 2014) . When taking 50% as the cut-off value, the 3-year survival rate of patients with a GHR 450% was significantly higher than those with a GHR o50% (69% vs 44%, P ¼ 0.01; Mansour et al, 2007) . In the current study, the groups with a GHR X2/3 vs o2/3 and X50% vs o50% all showed a correlation with survival, but the ratio of GHR X2/3 was only 29.9% (the ratio of GHRX50% could be seen in our paper). Hence, a GHR X50%/o50% could be applied as the major evaluation criterion for gastric cancer to help formulate a postoperative adjuvant chemotherapy regimen. However, further investigation is necessary to confirm the conclusion that the GHR threshold of 50% can lead to significant survival benefits.
In this study, both univariate analysis and multivariate analysis showed that postoperative TNM was the most significant independent prognostic factor, whereas the clinical stage before neoadjuvant chemotherapy was not as reliable as a surrogate marker for OS, which was consistent with the conclusions reported by Schmidt et al (2014) and Davies et al (2014) . Thus, we could infer that patients with a GHR over 50% after neoadjuvant chemotherapy and whose primary tumours were downstaged to a lower TNM stage could be the real beneficiaries and exhibit a longer OS.
Of all of the prognostic factors in the univariate analysis, only the Lauren classification maintained statistical significance on multivariate analysis. Due to contradictions with other studies' results (Fujitani et al, 2012; Schmidt et al, 2014) , this issue is worth further investigation.
The R0 resection rate was another end point of this study. Of 73 patients, 91.8% received radical surgery, which was considerably higher than the 69.3% reported by the MAGIC trial using ECF as a neoadjuvant chemotherapy regimen (Cunningham et al, 2006) ; the FFCD 9703 trial published in 2011 (Ychou et al, 2011) also showed the efficacy of cisplatin þ 5-FU in gastric cancer, but only 84% of patients received radical surgery. Our study showed similar efficacy compared with other clinical trials using FOLFOX as a neoadjuvant chemotherapy regimen, citing a rate between 86% and 92.1% (Li et al, 2012; Zhang et al, 2012) . Thus, patients with gastric cancer could have a higher R0 resection rate when using FOLFOX as a neoadjuvant chemotherapy regimen.
The current study confirmed the high tolerability of the regimen. Similar to other studies in gastric cancer with the FOLFOX regimen (AI-Batran et al, 2004; De Vita et al, 2005; Li et al, 2012; Zhang et al, 2012) , most toxicities were Grade 1 or 2, and only 21.8% of the patients experienced Grade 3 or 4 toxicity, without chemotherapy-associated death or serious complications. Of the 67 patients who received radical surgery, 63 (94.0%; accounting for 86.3% of the total inclusive population) continued postoperative chemotherapy, which was slightly higher than the 54.8% in the MAGIC trial (Cunningham et al, 2006) and 47.8% in the FFCD 9703 trial (Ychou et al, 2011) . D2 gastrectomy has been recommended as a standard practice due to its efficacy and safety, but the safety of D2 resection after chemotherapy has rarely been evaluated, though it is of particular concern for surgeons. Although the MAGIC trial (Cunningham et al, 2006) and a retrospective analysis from China (Li et al, 2011) have demonstrated that there was no difference in perioperative morbidity with and without neoadjuvant chemotherapy, the FFCD 9703 trial (Ychou et al, 2011) , 40954 trial (Schuhmacher et al, 2010) and other non-randomised studies (Fujitani et al, 2007; An et al, 2012 ) demonstrated a trend towards a higher, although nonsignificant, postoperative morbidity rate in patients who received neoadjuvant chemotherapy. However, the limitation of these trials has been the non-uniform performance of D2 gastrectomy. Due to the conflicting reports, Shrikhande et al (2013) prospectively analysed 139 cases who received neoadjuvant chemotherapy, in which 126 cases received a D2 gastrectomy. The morbidity in the latter was 12% and the mortality was zero, whereas the morbidity in the control group of those who received upfront surgery was 22.6% without death. Another phase II study with XELOX as a neoadjuvant chemotherapy regimen also showed a low morbidity. In the present study, 66 cases received a D2 gastrectomy after neoadjuvant chemotherapy, and only 5 cases suffered from complications with an occurrence rate of 7.6% and no surgeryassociated death. D2 gastrectomy after neoadjuvant chemotherapy was safe and effective.
In conclusion, mFOLFOX6 is a safe, effective and well-tolerated regimen of neoadjuvant chemotherapy for the treatment of locally advanced gastric cancer. The postoperative TNM stage was the most significant independent prognostic factor. We suggest that a GHR X50%/o50% be used as the criterion for evaluating the curative effects of neoadjuvant chemotherapy to guide the selection of postoperative adjuvant chemotherapy regimens. Patients with a GHR X50% may consider continuing their use of the original method of postoperative chemotherapy. However, this was a single-institution study with a small number of cases and without control groups; thus, an appropriately powered randomised trial is necessary before any firm conclusion can be established.
